Radix peucedani is a traditional
INTRODUCTION
Radix peucedani, the root of Peucedanum praeruptorum Dunn., also known as "Qianhu," has a long history of application in China. Radix peucedani can disperse wind heat, depress Qi, and facilitate expectoration (Pharmacopoeia Comittee of People's Republic of China, 2010) . Studies have demonstrated its multiple pharmacological effects for treating colds and other upper respiratory tract infections, asthma, phlegm, and so on (Suzuki et al., 1985; Rao et al., 1988; Jin et al., 1994; Lu et al., 2001; Xu et al., 2010) . P. praeruptorum is widely *Corresponding author. E-mail: hanbx1978@sina.com. Tel: +86 564-3305073. distributed in Jiangsu, Zhejiang, Anhui, and Jiangxi Provinces in China (Editorial Committee for Flora of Chinese Academy of Sciences, 1974) . With its extensive clinical application and ever-growing market demand in recent years, wild P. praeruptorum resources are gradually being depleted; hence, the plant is earmarked for cultivation. P. praeruptorum is a hapanthous (plants that die after flowering) perennial plant. Wild P. praeruptorum bolts and flowers after growing for at least three years, whereas cultivated P. praeruptorum bolts and flowers within the second year (Han and Wang, 2008) . Radix peucedani loses its medicinal value after flowering (Cao, 1927) ; for this reason, radix peucedani is harvested within the same year of planting. Therefore, exploring the effects of cultivation and flowering on the therapeutic efficacy of radix peucedani is essential to provide a highquality medicine for clinical applications.
Numerous informative studies on radix peucedani have been performed, including reports on its biological characteristics (Han and Wang, 2008) and cultivation techniques (Zhang et al., 2007) , chemical composition (Chang et al., 2007 (Chang et al., , 2008 Ishii et al., 2008; Hou et al., 2009; Zhang et al., 2010 ) , major active ingredients (praeruptorin A to E, etc) (Ye et al., 1982; Kong et al., 1993 Kong et al., , 1996 Okuyama et al., 1989; Akata et al., 1990) , pharmacological parameters, activities that facilitate expectoration, and mechanisms of action (blocking calcium channels, promoting platelet coagulation, and expanding coronary artery) (Okuyama et al., 1986; Jin et al., 1994 ; Zhao et al., 1999; Xu et al., 2010) , among others.
However, few studies have focused on the changes in its chemical ingredients after cultivation and flowering, or on the effects of these changes on its efficacy. In this study, we examined the influence of cultivation and flowering on the active ingredients of radix peucedani using HPLC combined with variance analysis, as well as on its medicinal efficacy using phenolsulfonphthalein excretion test in mice.
MATERIALS AND METHODS
The 20 Radix Peucedani samples used in the experiments were collected from different areas in Ningguo City, Anhui Province in China. The samples were grouped into four categories: cultivated flowering, cultivated non-flowering, wild flowering, and wild nonflowering plants. The samples were naturally dried, crushed into powder using a pulverizer, and screened through a size-30 mesh before testing. Pd-Ia, Pd-II, Pd-III, and Pd-D were purchased from The National Institutes for the Control of Pharmaceutical and Biological Products.
Test solution
To prepare the radix peucedani test solutions, 0.5 g radix peucedani powder was placed into a plugged flask, 25 ml chloroform was added, and the flask was weighed. After a 10 min ultrasonication (400 W), the flask was left to stand for 5 min, then the flask was weighed again, with the lost weight supplemented with chloroform. The solution was then shaken and filtered; 5 ml of the filtered solution was dried to remove the chloroform. The resulting residue was dissolved in methanol for 20 min and transferred to a 25 ml volumetric flask into which methanol was supplemented to a total volume of 25 ml. The solution was shaken and ready for testing.
To prepare the standard test solutions, 0.5 mg of Pd-Ia, Pd-II, Pd-III, and Pd-D was accurately weighed and individually dissolved in 10 ml methanol.
HPLC analysis
HPLC (ÄKTA purifier 10) analysis was performed with a mobile phase of methanol: water (75:25, v/v) and a Pack ODS-A C18 column (250 × 4.6 mm × 5 μm) under a detection wavelength of 321 nm with a flow rate of 1.0 ml·min -1 at room temperature. The test solutions were individually examined via HPLC analysis, and Han et al. 2915 the chromatograms were recorded within 20 min (Pharmacopoeia Comittee of People's Republic of China, 2010).
Phenolsulfonphthalein excretion test in mice
A total of 126 ICR mice, weighing 20 ± 2 g, were randomly divided into 21 groups, each containing 6 mice. A single dose of the test solutions (1.5 g/kg body weight) was administered orally; the control group was given placebos. After 30 min, each mouse was intraperitoneally injected with 0.5 ml 0.25% phenolsulfonphthalein solution, and the mice were euthanized after another 30 min. The trachea was isolated, inserted with a plastic tube, and washed thrice with 0.4 ml NaHCO3 (5%) through a 1 ml syringe. The three washes were combined, supplemented with an equal volume of anhydrous ethanol, and centrifuged at 1000 rpm for 15 min. The OD546 nm of the supernate was measured and compared with standard solutions to calculate the phenolsulfonphthalein concentration in the washes (Li, 1991) .
Statistics analysis
All data were analyzed by independent-sample t-test.
RESULTS

HPLC analysis of the standard and radix peucedani samples
The radix peucedani test solutions and the four standard test solutions were analyzed via HPLC as described earlier The HPLC chromatograms of the four standard solutions are shown in Figure 1 . The retention times for Pd-Ia, Pd-II, Pd-III, and Pd-D were around 10, 13, 14, and 16 min, respectively.
The HPLC chromatograms of the 20 radix peucedani solutions are shown in Figure 2 . The radix peucedani chromatogram had 14 major peaks, and the relative content of each peak was calculated by peak area normalization.
Impact of cultivation and flowering on radix peucedani active ingredients
The 20 radix peucedani samples were divided into the wild and cultivated groups; the areas of 14 peaks were analyzed by independent-sample t-test (Table 1) . The results revealed remarkable differences in Pd-Ia (peak 7) (P<0.01) and significant differences in Pd-I (peak 8), Pd-III (peak 13), and Pd-D (peak 14) (P < 0.05) between the radix peucedani samples from wild and cultivated P. praeruptorum plants, indicating that cultivation dramatically reduced the levels of the four ingredients in radix peucedani.
Similarly, the 20 radix peucedani samples were divided into the flowering and non-flowering groups; the areas of 14 peaks were analyzed by independent-sample t-test (Table 2) . The results revealed significant differences in Pd-Ia (peak 7), Pd-III (peak 13), and Pd-D (peak 14) (P < 0.05) between the samples from the flowering and nonflowering radix peucedani samples, indicating that flowering markedly reduced the concentration of the three ingredients in radix peucedani.
Effects of radix peucedani active ingredients on phenolsulfonphthalein excretion in mice
To examine the contribution of each ingredient on the therapeutic efficacy of radix peucedani, phenolsulfonphthalein excretion test was performed in mice using the 20 radix peucedani samples. The phenolsulfonphthalein excretion promoted by each radix peucedani sample and the areas of each peak were analyzed by an independent-sample t-test (Table 3) .
As shown in Table 3 , Pd-Ia (peak 7), Pd-III (peak 13), and Pd-D (peak 14) showed significant differences (P < 0.05), that is, Pd-Ia, Pd-III, and Pd-D are the major active ingredients for the expectorant effects of radix peucedani.
Effects of radix peucedani cultivation and flowering on phenolsulfonphthalein excretion in mice
To investigate the impact of cultivation and flowering on The data revealed a significant difference between wild and cultivated radix peucedani in promoting phenolsulfonphthalein excretion in mice (P < 0.05), indicating that the therapeutic efficacy of radix peucedani in facilitating expectoration and suppressing cough was dramatically reduced after cultivation. A similar reduction was also observed after radix peucedani flowered; flowering and non-flowering radix peucedani displayed a significant difference in promoting phenolsulfonphthalein excretion in mice (P < 0.05).
DISCUSSION
With increasing global awareness on the need to return to nature, the green revolution, and environmental protection, people have started to pay more attention to natural medicine development and application. Traditional Chinese medicine has been used for thousands of years. With its continuously growing applications in recent years, traditional Chinese medicine consumption has exceeded its regeneration. Therefore, the cultivation of medicinal plants is the most efficient way to conserve, expand, and regenerate traditional Chinese medicinal resources. Currently, this approach is also being used to produce traditional Chinese medicine. More than 200 kinds of medicinal plants, such as Panax ginseng C. A. Mey, Fallopia multiflora (Thunb.) Harald., and Glycyrrhiza uralensis Fisch., have been successfully cultivated, ensuring the sustainable use of these plants as medicines (Chen et al., 2004) .
In the cultivation of traditional Chinese medicine, determining whether the cultivated medicines have the same chemical ingredients as wild herbs is needed. Most reports show that cultivated medicines have similar or even higher levels of active ingredients compared with their wild counterparts (Wang et al., 2005) , whereas some studies suggest opposite results, that is, cultivated medicines have significantly reduced levels of active ingredients than wild ones (Li, 2008) . Although the underlying mechanisms were not investigated, this study showed that the levels of Pd-Ia, Pd-II, Pd-III, and Pd-D were remarkably lower in cultivated Radix Peucedani than in wild ones (P < 0.05).
During flowering, plants consume nutrients for reproduction and growth (Cody, 1966) . The flowering of radix peucedani consumes the nutrients from other structures, leading to the reduction of ingredients. Consistent with this general rule, our data showed that flowering radix peucedani had markedly lower levels of Pd-Ia, Pd-III, and Pd-D than non-flowering radix peucedani (P < 0.05).
Our data revealed that both cultivation and flowering reduced the capability of radix peucedani in promoting phenolsulfonphthalein excretion in mice. Our future studies will focus on elucidating the reasons for the reduced ingredient content after radix peucedani cultivation and on resolving this problem.
